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Abstract 
Chlorine is commonly used as disinfectant in drinking water treatment process. 
However, it may also react with organic precursors (e.g. humic substances) existing in 
water forming trihalomethanes (THMs), which are known carcinogens. The most 
popular THMs found in drinking water are chloroform (trichloromethane, CHCI3), 
bromodichloromethane (CHCl2Br)， chlorodibromomethane (CHClBr2) and 
bromoform (tribromomethane, CHBr3). 
Since drinking water is essential to human, its quality is of great concern. The 
aim of this project is to survey the quality of drinking water (or tapwater) in the 19 
districts of Hong Kong, specifically trihalomethanes (THMs). It is a good news that 
the results comply with the WHO guideline values and the tapwater is safe for 
drinking. In addition, well water, commercially available distilled water and mineral 
water are also investigated to contain very low or negligible level of THMs. 
Futhermore，in order to lower the cancer risk, some possible removal methods are 
studied according to the drinking habits of HK people heating (or boiling) and 
activated carbon filtration. Both methods are proved to have good THMs removal 
efficiencies (at least over 88%). 
Furthermore, trihalomethanes-formation potential (THM-FP), which is the 
maximum amount of THMs that can be formed during chlorination, is also measured 
for the drinking water in the 19 districts of HK. It is an indirect measurement of 
organic precursors in water and it can reflect the water quality. Results show that 
most of the THM-FP measured are below the WHO guideline values and Lantau 

















水中有機前體(organic precursor )的非直接測量’來反映水的質量。結果表明， 
大部分地區樣本的三鹵甲烷形成潛力値是低於世界衛生組織的允許量。其中， 
大嶼山的飮用水質量是全港最好的。 
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Drinking water is essential to human. Hence, its quality is of great concern. 
The aim of this project is to survey the quality of drinking water (or tapwater) in 
Hong Kong, specifically trihalomethanes (THMs), which are disinfection by-products 
(DBPs) of chlorination. In addition, some possible removal methods are studied with 
reference to the drinking habit of HK people. 
1.1 Water Treatment [1-2] 
In HK, the primary source of drinking water (i.e. raw water) comes either 
directly from Guangdong or from one of the storage reservoirs in the territory. It is 
purified by the treatment works of the Water Supplies Department before providing 
for public use. 
Figure 1.1 A Typical Fresh Water Supply System (Schematic) of HK [1] 
1 
Drinking water should be clear, odourless, wholesome, fresh and free from 
bacteria. 'The fundamental purpose of water treatment is to protect the consumer 
from pathogens and impurities in water that may be offensive or injurious to human 
health” The four stages are as follows : 
(1) Reservoir Storage --- Reservoir storage permits natural self-purification 
such as sedimentation, aeration and sunlight. 
(2) Coagulation, Flocculation and Sedimentation -一 In the treatment works, 
alum (sulphate of alumina) is added to the incoming water to assist the suspended 
solids to coagulate into large particles which settle on the floor of the clarifiers (or 
flocculation tank) in the form of sludge. 
(3) Filtration —- The water then goes to the filtration plant where more finely 
divided suspensions are retained on sand filters. After passing through the filter 
media, the water goes to clear water tanks (or chamber). 
Figure 1.2 Water Treatment Process [1] 
2 
(4) Disinfection — Hydrated lime is used to neutralise the water since alum 
(which has been added) makes it acidic. Moreover, it also makes the water slightly 
alkaline to reduce corrosion of water pipes and fittings. The water is dosed with 
chlorine in solution for disinfection and a fluoride compound is added for dental care. 
The water is then ready for public use. 
1.2 Disinfectants 
'Disinfection is the final safeguard and also protects drinking water during 
distribution against external contamination and regrowth." [2] 
Since the early 1900s, chlorine, being easy and ready to use especially in its 
most common form of hypochlorite [3], has been the major disinfectant introduced 
into drinking water for preventing waterborne diseases. However, in 1974，a Dutch 
chemist, Johnnes Rook, found that chloro and bromo trihalomethanes (THMs), which 
are known carcinogens, were present in treated drinking water and implicated that 
chlorine was the cause. With the advancement of instruments, it is now discovered 
that THMs and HAAs (Haloacetic acid) are the major disinfection-by-products 
(DBPs) associated with chlorine. [2,4] 
In order to minimize THMs formation, alternative disinfectants are then tried, 
such as chloramines, chlorine dioxide and ozone. Although many of them help to 
minimize the THMs, they also create potential new problems. Ozone cannot give a 
residual effect during distribution and of higher cost. Chloramines is not an effective 
disinfectant as chlorine and have toxicological properties. Chlorine dioxide is 
associated with inorganic contaminants (chlorite and chlorate). [2,5,6] 
Hence, chlorine is still popularly used over the world, such as the United 
States, Canada, the Republic of China and also in HK. 
3 
1.3 THMs Formation [8] 
In Hong Kong, tapwater is dosed with chlorine for disinfection by the Water 
Supplies Department. Although chlorine can efficiently kill the bacteria, it also reacts 
with organic precursors (e.g. humic substances) existing in water and produces side-
products such as trihalomethanes (THMs). 
Cl2 + organic precursors > THMs 
(e.g. humic substances, 
humic and fulvic acid) 
The most common THMs found in tapwater are chloroform 
(trichloromethane, CHC13), bromodichloromethane (CHCl2Br)， 
chlorodibromomethane (CHClBr2) and bromoform (tribromomethane, CHBr3). The 
proposed mechanism is shown on the following page.. 
Factors affecting THMs formation may be the amount of precursors, chlorine 








































































































































































































1.4 Various Guideline Values 
TTHMs (ng/L) 
US EPA Maximum Contaminant Level (1992) [8] 100 
Canadian Maximum Acceptable Concentration (1989) [9] *350 
UK Maximum Concentration (1989) [8] 100 
EEC Maximum Admissible Concentration (1980) [8] 1 
The Republic of China (1985) [10] *< 60 (CHC13 only) 
Japan (1993) [11] <100 
Table 1.1 Various Guideline Values for TTHMs in drinking water 
TTHMs = Total Trihalomethanes i.e. [CHCIJ+[CHClBr2]+[CHCl2Br]+[CHBrJ 
EEC = European Economic Community 
*under review 
1.5 WHO Guideline Values in 1993 (used in HK) [12] 
•Guideline value (ng/L) Remarks 
Chloroform 200 for excess risk of 10"
5
 ” 





THMs ratio*** <1 
Table 1.2 WHO Guideline Values for THMs in drinking water ( 1 9 9 3 ) “
=
~ 
WHO = World Health Organization 
^Assuming daily per capita consumption of 2 litres by a person weighing 60 kg. 
**the guideline value is the concentration in drinking water associated with an 
excess lifetime cancer risk of 10'5 (one additional cancer per 100 000 of the 
6 
population ingesting drinking water containing the substances at the guideline 
value for 70 years). 
***Sum of ratio of concentration of each to its respective guideline value should not 
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CGVI,CGV2, CGV3, CGV4 are guideline values for CHC13, CHC^r, CHClBr2 and 
CHBr3f respectively.. 
1.6 THM-FP 
Usually, the reaction of precursors and chlorine is incomplete during 
chlorination. A special test called trihalomethanes-formation potential (THM-FP) can 
be used to determine the maximum amount of THMs that can be formed during 
chlorination. Moreover, It is also an indirect measurement of organic precursors in 
water, which reflects the quality of water. [7] 
Therefore, since THMs are carcinogenic, it is necessary to survey the THMs 
levels in drinking water of HK and determine whether they exceed the World Health 
Organization (WHO) guideline values. In addition, it is also interesting to survey the 
THM-FP in HK as an indicator of water quality. 
1.7 Removal Methods 
According to drinking habits of HK people heating and activated carbon 
filtration^ their THMs removal efficiencies are studied. 
7 
Chapter 2 
Sample Collection, Pretreatment & Storage 
2.1 Cleaning of Sample Bottle 
Samples were collected by 68 ml glass bottles with ground-glass stoppers. 
Bottles were cleaned by detergent, rinsed with tapwater and deionized water. Finally, 
they were oven-dried at 100 °C for at least 1 hour. 
2.2 Sample Collection 
Before sample collection, the water tap was opened and run for approx. 5 
seconds, until a steady stream was achieved. The bottle was fully filled with water 
and tightly stoppered, nearly without any headspace inside. (If headspace exists, some 
volatile THMs may escape from liquid phase to gas phase and hence leads to loss.) 
2.3 Sample Pretreatment & Storage 
For measurement of existing THMs level in tapwater. the sample bottle was 
pre-added with approx. 0.3 g Na 2S 20 3 in order to remove the residual Cl2 in tapwater 
during sample collection. The sample was stored in refrigerator at 4。C. [13-15] 
For measurement of THM-FP in tapwater. phosphate buffer (pH=7, 0.5ml) 
and phosphoric acid (85% w/v, after 11 times dilution, 0.04ml) were used to adjust 
the sample to pH 7 (since the equilibrium between hypochlorite ions (OCT) and 
hypochlorous acid (HOC1) is pH dependent). Furthermore, NaOCl solution (10% 
w/v, 2.8^1) was added to provide an excess free chlorine with chlorine residue of 1-5 
mg/L. The sample was then maintained at 25 °C in water bath for 7 days. [16] 
Note: 1. Refrigerator should be organic free. 





3.1 Analysis Methods 
Several sample preparation methods and GC detectors are suitable for analysis 
of THMs in drinking water. 
3.1.1 Sample Preparation Methods [17] 
3.1.1.1 Liquid-liquid Extraction (LLE) 
This is the most common sample preparation method used in water analysis. 
It may be carried out by manually shaking the water sample with an organic solvent in 
an extraction flask (or separation funnel) or automatically using a continuous liquid-
liquid extractor. 
3.1.1.2 Purge & Trap (P&T) 
This technique is most suitable for ppb level analysis of low molecular weight, 
slightly water-soluble volatile organics with a boiling point below 200°C. An inert gas 
is bubbled through the water sample. The purgeable organics in water sample is 
caused to change from aqueous to vapour phase, and trapped by adsorbents such as 
Tenax or activated charcoal and/or condensed by cryo-cooling. When the adsorbent 
trap is heated, the trapped compounds are desorbed and introduced into GC. 
3.1.1.3 Static & Dynamic Headspace (HS) 
This technique is used to analyse volatiles whose sample matrix is of no 
interest, e.g. water, soil, etc. Static headspace can measure down to ppm (parts-per-
million or mg/L) level (with FID detection) whereas dynamic headspace can measure 
down to ppb (paits-per-billion or jxg/L) level. 
9 
Static: Water sample is placed in a headspace vial, sealed and put in a 
thermostat to drive volatiles from it into the headspace for sampling. A portion of the 
vapour phase is introduced by a gas-tight syringe into a GC. (one phase equilibrium) 
Dynamic: Vapour phase in the vial is continuously driven by an inert gas onto 
an adsorbent such as Tenax or a cold trap. After enrichment, it is then introduced into 
GC by heating the trap. 
3.1.1.4 Direct Aqueous Injection (DAI) 
The water sample is directly injected into the GC column without additional 
preparation. 
3.1.2 GC Detectors [17-19] 
Table 3.1 Characteristics of common GC Detectors 
. _ — — I • ‘ • • • 
Name Type Selectivity Minimum Linear 
Detectability Range 
�_-_ ,__ , - | I I ‘ • ‘ 
FID UNIVERSAL C-H 10 pg C/sec 10
7 
ECD SELECTIVE compounds capturing 0.2 pg Cl/sec 10
4 
electrons e.g. halogens 
ELCD SELECTIVE halogens and S，N 1 pg Cl/sec 106 
5 pg S/sec 10
4 
MSD UNIVERSAL characteristic ions 1 ng full scan mode 10
5 
1 pg ion monitoring 
mode 
FID = Flame Ionization Detector 
ECD = Electron Capture Detector 
ELCD = Electrolytic Conductivity Detector 
MSD = Mass Selective Detector 
3.1.3 Sensitivity 
In order to obtain proper sensitivity for pg/L (or ppb) level detection, sample 
preparation should match suitable GC detector(s). The possible combinations are: 
10 
Table 3.2 Detection Limits for some analysis methods 
Detection Limit(ng/L) 
(I) LLE / GC / ECD (EPA method501.2) [13] 05 
" (2Tp&t7^ / "eCdT201 *0~0~1~0~05 
(3) P&T / GC / ELCD (EPA method 502.1) [15] 0.003 - 0.05 
(4) P&T / GC / MS (scan mod€)(EPA method 524.2) [21] 0.03 - 0.12 
"( lTSMicHS7^TECDT221 1 
(6) Static HS / GC / MS (scan mode) [17] 10-100 
一 历 函 a9-2~6 
(8) DAI / GC / MS (SIM mode) [24] 0.1-0.2 
*unit in parts-per-trillion (ppt) or ng/L 
Due to the availability of apparatus and instruments, LLE / GC / MS (SIM 
mode) is used for analysis in this project. This analysis method can give detection 
limits down to 0.02-0.05 ng/L level (CHC13 - CHBr3)(described in section 3.6.3) 
3.2 LLE & GC/MS (SIM mode) 
Pentane is a suitable extraction solvent for THMs because of its immisciblility 
with water and ability to dissolve THMs. [13] Moreover, it has a low boiling point 
and it comes out from GC column well before the four THMs. Hence, there is no 
problem of solvent peak or tailing. 
For GC/MS, selective ion monitoring (SIM) mode is used instead of scan 
mode because SIM mode possesses a lower detection limit as shown in Table 3.1. In 
general, 1 to 2 prominant fragment ions of each analyte are chosen for SIM mode. 
In this project, electron impact ionization (EI) is used to ionize the organic 
compounds entering the ionization chamber (or ionization source) of mass 
23 
spectrometer. The molecules are bombarded with electrons of 70 eV emitted from a 
tungsten filament. Molecular ions (M.
+
) are formed which are then dissociated into 
typical fragment ions, radicals and neutral species. Quadrupole mass filter is used to 
separate ions with different mass-to-charge ratios. The ions are then detected by the 
electron multiplier. [17-19] 
3.3 Reagents & Apparatus 
3.3.1 Reagents 
a. Pentane, 99.0%, spectrophotometric grade，E-Merck 
b. Methanol (methyl alcohol), 99.7%, spectrophotometric grade, E-Merck 
c. Bromoform, 99%, RDH 
d. Bromodichloromethane, 98%, Aldrich 
e. Dibromochloromethane, 98%, Aldrich 
f. Choloroform, 99.0-99.4%, BDH 
g. Acetone, 99.8%, HPLC grade, Labscan, 
h. Deionized water, Nfilli-Q, RG，18 MH.cm 
- checked to contain -0.03 ppb CHC13 for THMs. 
Hence considered to contain negligible THMs. 
i. Buffer solution pH 7.00 (phosphate), BDH 
j. ortho-Phosphoric acid, 85%, GR, E-Merck 
k. Sodium hypochlorite, 10 % w/v, (from Black Point Power Station, HK) 
3.3.2 Apparatus 
a. Extraction Flasks 
- for extraction of water samples 
12 
_ 25 ml conical flask (pyrex glass) fitted with a ground-glass stopper 
- cleaned with detergent and rinsed with deionized water, and then oven-dried 
at 100°C for at least 1 hour. 
b. Volumetric Flasks 
- for preparation of stock and standards 
_ 10ml volumetric flasks (pyrex glass) fitted with ground-glass stoppers 
- cleaned with detergent and rinsed with deionized water, and air dry. 
c. Standard Storage Containers 
- 1.5 ml scew-capped vials with Teflon-faced silicone septa 
d. 10-jj.I microsyringes (Hamilton #701) 
_ for preparation of calibration standards 
- cleaned with methanol 
e. 10-ml pipets (pyrex glass)(& Pipet Filler) 
- for pipetting water samples 
_ cleaned with water and acetone, and rinsed with deionized water 
f. 25-^1 and 1-ml micropipets (& pipet tips) 
_ for adding sodium hypochlorite and phophate buffer for setting THM-FP, and 
pipetting pentane for extraction, respectively 
3.4 Procedure 
3.4.1 Pentane Extraction 
20 ml of water sample was pipetted into a 25-ml conical flask fitted with 
ground glass stopper. 2 ml pentane was then added. The flask was tightly stoppered 
and shaken for 10 minutes. The pentane extract was transferred with a dropper to a 
1.5-ml vial with minimum headspace. 1 |il of the pentane extract was then injected 
13 
into the capillary GC column. The choice of GC and MS parameters to be used are 
discussed in the following sections. 
3.4.2 Instrument Configuration 
Table 3.3 Configuration of Instrument 
Gas Chromatograph HP 5890 Series II 
Detector HP 5972 MSD 
GC Injector HP 7673 
3.4.3 GC Parameters 
The following was the GC condition developed: 
Table 3.4 GC Parameters 
Injector Port Split/Splitless liner 
Injector Port Temperature 160 °C 
Column Supelco PTE-5 
30mx0.25mmx0.25pim 
bonded; poly(5% diphenyl / 95% dimethylsiloxane) 
Column Flow Rate 1.5 ml/min (helium) 
~SpiitRatio \0:T 
The GC oven temperature program was developed as follows: 
Table 3.5 GC Oven Temperature Program 
Temp (°C)“Rate (°C /min)~Time (mins) 
32 0 2 
32-37 5 1 
37-127 30 3 
Total = 6 
• — ^ • w B g g g g — a i a a — ^ ^ M M B B M 



















































































































































































































































































































































































































































































































































































































































































































































































































































































3.4.4 MS Parameters 
Table 3.6 MS (SIM) parameters 
Dwell Time (for each ion in a group) 100 msec 
Solvent 5elay 2 mins 
EM Voltage autotune value 
" M s T r ^ f e r Line Temperature 200°C 
For each of the THMs, two prominant ion fragments were chosen for 
detection, which are tabulated as follows: 
Table 3.7 Selected Ions for Detection 
Group Retention Time Selected Ions Detection Period 
(mins) (m/z) (mins) 
I CHCls, 2.40 83，85 2吃4& 
CHCl2Br 3.58 
n CHClBr2 472 127, 129 4、5也 
HI O f f i ^ 5^65 171, 173 ？ 
• •  • 量 — 
3.5 Preparation of Standards [13-15] 
3.5.1 Stock Standard Solution 
9.8 ml methanol was placed in a 10-ml ground-glass stoppered volumetric 
flask. It was weighed to the nearest 0.1 mg. Using a 25-(il micropipet, appropriate 
amounts (-10 mg) of the four THMs pure standards were added and reweighed. 
Precaution was taken to ensure that pure standards fell directly into alcohol without 
contacting the flask neck. The solution was diluted to volume, stoppered, and then 
mixed by inverting the flask several times. The standard solution was transferred to 
1.5-ml vials and stored with minimum headspace at 4。C. Concentration in 
19 
micrograms per microlitre was calculated from the net gain in weight multiplied by the 
corresponding purity of pure standard. (-1000 
3.5.2 Primary Dilution Standard 
For different THMs, dilution factors were different. The following procedures 
(section 3.5.2 - 3.5.4) are given as an example for CHC13. 
Approximately 8 ml of methanol was placed in a 10-ml ground-glass 
stoppered volumetric flask. 1 ml of stock standard solution was pipetted into it and 
diluted to the mark with methanol. The diluted standard was transferred to a 1.5-ml 
vial with minimum headspace and refrigerated to 4 °C. (-100 ^g/^il) 
3.5.3 Secondary Dilution Standard 
Approximately 8 ml of methanol was placed in a 10-ml ground-glass 
stoppered volumetric flask. 1 ml of primary standard solution was pipetted into it and 
diluted to the mark with methanol. The diluted standard was transferred to a 1.5-ml 
vial with minimum headspace and refrigerated to 4 °C. (-10 |ig/|il) 
3.5.4 Calibration Standards 
0.07 to 158.4 (or 〜160) |ig/L CHC13 standards were prepared by spiking ~0.2 
to 8.0 stock standard or dilution standard to 20 ml of deionized water and 
extracting with 2 ml pentane. The extracted solvent was transferred to a 1.5-ml vial. 
Measurement was performed in an identical manner as that for the samples to 
compensate for possible extraction losses. 
20 
3.6 Validation of method 
3.6.1 Calibration Graphs 
Calibration standards covering the range of concentrations in the real samples 
were prepared. 
Table 3.8 Concentration ranges of calibration standards 





The calibration graphs (peak area versus concentration) are linear (R
2
=0.999) 






























































































































































































































































































































































































































































































































































































































































































































































































































































































3.6.2 Recovery & Prerision 
This test was done by dosing THMs standards (at the same level as in the real 
samples) into three identical 20-ml of 
(i) Deionized water 
(ii) representative Tapwater sample (CUHK) 
and back extracting again to determine the percent recovery. 
Moreover, the relative standard deviation (RSD%) over the three identical 
water samples are reported as precision. 
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Table 3.10 Raw data for calculation of Recovery & Precision 
THMs Cone (ng/L) 
C H C l s C H C i j B r C H C l B r 2 CHBr3 






Spiked Deionized water RG-1S 42.40 13.20 6.07 1.67 
RG-2S 43.06 12.53 5.66 1.49 
RG-3S 44.57 13.22 5.86 1.58 
mean= 43.34 12.98 5.86 1.58 
stdev= 1.11 0.39 0.20 0.09 
RSD%= 2.56 3.02 3.47 5.67 
Pure Tapwater TAP-1 39.66 13.20 4.05 0.15 
TAP-2 42.57 13.32 3.98 0.17 
TAP-3 42.17 13.17 3.83 0.15 
mean= 41.47 13.23 3.96 0.16 
stdev= 1.58 0.08 0.11 0.01 
RSD%= 3.81 0.59 2.87 5.91 
Spiked Tapwater TAP-IS 85.51 25.28 9.36 1.73 
TAP-2S 80.72 24.84 9.39 1.70 
TAP-3S 83.02 24.66 9.18 1.69 
mean: 83.08 24.92 9.31 1.71 
stdev= 2.40 0.32 0.11 0.02 








































































































































































































































































































































































































































































































From the results, recoveries for the tapwater are lower than that of deionized 
water. They are possibly attributed to two reasons. The first one is that matrix effect 
of tapwater may lower the pentane extraction efficiency. Another one is that during 
spiking of standards, THMs which already exist in tapwater may escape out of the 
extraction flask，but this will not happen in nearly THM-free deionized water. 
3.6.3 Detection Limits 
Two kinds of detection limits are studied Method Detection Limit (MDL) 
& Limit of Detection (LOD). They were estimated from three times the standard 
deviation (3CT) of background noise obtained from 10 runs of deionized water (for 
MDL) and tapwater (for LOD). They stand for the lowest concentration ofTHMs in 
water that can be detected by the analysis method. 
In both cases, background noises at or close to the retention times of the four 
THMs were integrated. 
Table 3.13 Detection Limits for Deionized water and Tapwater matrices 
MDL (^ig/L) LOD (卩g /L )~ 
(deionzed water) (tapwater) 
CHC13 0.02 0.03 
CHBrCl2 0.04 0.05 
CHBr2Cl 0.03 0.04 
CHBr3 0.02 0.03 
3.7 Quality Control [13-15] 
External standard was used. For every 20-25 injections, a 20 |ig/L mixed 
standard was run to check the stability of the instrument. 
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Chapter 4 
THMs levels and THM-FP of Tapwater 
4.1 Sample Collection Sites in HK 
Tapwater samples were taken from the 19 districts of HK. In each district, 3 
different sites were chosen. Hence, there were totally 57 sample collection sites 
(shown in Figure 4.1 & 4.2). 
4.2 Data Acquisition 
At each site, duplicate samples were taken every time --- one for 
determination of THMs levels and another for THM-FP. Samples were collected on 
three different dates. (Appendix B) 
Each sample was extracted twice to eliminate error due to manual extraction, 
and each extracted solvent (stored in vial) were injected twice (duplicate 
measurements) in GC/MS to check the repeatability of GC/MS. Consequently, there 
were 4 injections for each sample either for THMs levels or THM-FP. 
4.3 Calculations 
4.3.1 Blank Correction 
Since blank pentane usually contains some CHC13 (〜4 ppb), each data for 
CHC13 was subtracted from that in blank pentane before proceeding to further 
calculations. 
4.3.2 Calculation of THMs concentration 
• Concentration of each THMs species 
Peak Area 
[THM] — slope of Corresponding Calibration Curve 
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Note: When calculating THM-FP, each [THM-FP] is divided by a dilution factor 
of 0.992 ( = 1 - 0.5448 / 68 ) because total volume of 0.5448 ml of buffer, acid & 
NaOCl is added to sample giving a total volume of 68 ml. 
• Concentration of Total Trihalomethanes 
=[TTHMs] = [CHC13] + [CHBrCy + [CHBr2Cl] + [CHBr3] 









GV2 ^GV3 ^GV4 
Cgvi ,Cgv2 , Cgv3, Cgv4 are guideline values for C H C 1 3 , CHCl2Br, CHClBr2 and 
CHBr3, respectively.. 
4.3.3 Mean, Standard Deviation & Relative Standard Deviation % 
The four injections of each site are calculated as follows: 
CA1 + CA2 + CB1 + CB2 广 
mean = : Cm 
l l c i - c m l
2 
stdev = J~~-：~ = CT 
V 4 - 1 
RSD% 100% 
C m 
4.4 Summary of THMs level & THM-FP in tapwater of HK 
All samples are collected from March，97 to August，97. 
Details of data are in Appendix C-F. 
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4.4.1 THMs levels in tapwater of HK 
Table 4.1 Brief summary of experimental results of THMs Levels in tapwater of HK 
THMs Levels in HK (yig/L) WHO(^ig/L)~~ 
Average : Min ： Max 
CHCls 4 7 . 0 8 ： Z 2 5 ：104.68 200 
''"cmrCh 1L04 j"…1.90"… \ '"2\A2 60 
"cifirVci 2.40"…：…—0.58"…；"…8.96 "foo 
“CHBr3" 0.06 ： 'ND \"…2.56 ioo 
Sum of THDVls ratio 0.44 j 0.06 "…：…"0.77 < i 
It is a good news that the THMs levels measured at various sites of HK all 
comply with WHO guideline values and so is the sum of THMs ratio. Therefore, 
tapwater in HK is safe for drinking. 
These data agrees with those performed by the Water Supplies Department of 
Hong Kong from April 1 ’97 to June 30，97. [25] 
Table 4.2 Average Concentration of THMs in tapwater of HK 
： Average Concentration (^g/L) 
CHClV j "<50 
""CHBr€i2 j <"l5 
"CHBrVc'l ： <25 
CHBT3 i <25 
• 
{Source from Chief Chemist of Water Supplies Department by private 
communication) 
What will be the maximum amount of THMs produced if extra chlorine is 
dosed ？ 
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4.4.2 THM-FP in tapwater of HK 
Table 4.3 Brief summary of experimental results of THM-FP in tapwater of HK 
THM-FP in HK (枓g/L) WHO (fig/L) 
Average 丨 Min 丨 Max 
CHCls 72^14 j 1 A 6 ~ ~ ~ j 158.02 200 
" CHBrCiz 13.71……T"" 4]78"" 22J3 60 
"CHBrzCl 2.76 y - — - y — {0¾ 
" chb t s 0.69……：…"m""V' '2. i2 106 
Sum ofTHMs ratio 0.62 T 0 ¾ i l'ois""" U 
Even if extra chlorine is dosed, THM-FP in tapwater of HK is still safe for 
drinking. 
However, WHO guideline values are set for the cancer risk of 1 in 100,000 
people drinking water at that level. [12] By calculation, there may be 47 in 6,000,000 
people drinking water at the max. THM-FP of HK and 31 in 6,000,000 people 
drinking water at the max. THMs levels in HK 
Therefore, in order to lower the cancer risk, some removal methods are 
studied in Chapter 6. 
4.5 THMs levels & THM-FP in the 19 districts of HK 

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 4.6 Summary of Average TTHMs concentration in tapwater of HK Island, 
Kowloon Peninsula, N.T. & Islands 
District No. Ave. THMs Levels Ave. THM-FP 
(Pg/L) (Kg/L) 
HK Island M 53.77 78.55 
Kowloon Peninsula 5-10 62.84 89.23 
New Territories 11-18 68.23 101.61 
Islands (Southern Lantau 19 15.83 27.00 
Island & Peng Chau) 
It is very obvious that the CHC13 level (both THMs & THM-FP) in Southern 
Lantau Island (also Peng Chau) is significantly lower than the others. HK Island is the 
second lowest. Then Kowloon Peninsula is the third lowest. The highest level is in 
the New Territories. 
This reflects that the concentration of organic precursors in water of Lantau 
Island is lowest. In other words, the quality of raw water in Lantau Island is the best. 
Shek Pik Reservoir supplies the southern coast of Lantau Island (e.g. Mui Wo, 
Cheung Sha), Peng Chau and Cheung Chau, where all raw water is purely collected 
from the island itself. Discovery Bay has its own reservoir (for raw water collection 
and storage) and treatment works. 
From the report of the Water Supplies Department, it is known that in 1996， 
over 70 % of Hong Kong's annual demand (720 million cubic metres) is supplied 
from Guangdong (Dongjiang or the East River). (Note: There will be an annual 
increase by 30 million cubic metres from 1995 to 2000) The rest is supplied from the 
local reservoirs. 
Water extracted from the river is pumped over a series of dams and pipelines 
across the border at Muk Wu to Hong Kong. Water received at Muk Wu is delivered 
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along three aqueduct systems to the Tai Lam Chung Reservoir, Shatin Treatment 
Works or the Plover Cove Reservoir, the High Island Reservoir or Pak Kong 
Treatment Works. [ 1 ] 
The overall quality of HK water is the second best. Shek Pik Reservoir also 
meets some 25% of the demand of Hong Kong Island. The rest is supplied by the 
reservoirs of the island such as the Pok Fu Lam Reservoir, the Aberdeen Reservoir, or 
the Tai Tarn Reservoir. In addition, some treated water are supplied from the 
treatment works of Kowloon and the New Territories, such as Pak Kong Treatment 
Work，Shatin Treatment Work and Shek Lei Pui Treatment Work. 
The overall quality of Kowloon water is the third best. Besides that from 
Guangdong, raw water of Kowloon Penninsula is mainly obtained from the Shing 
Mun Reservoir, the High Island Reservoir and the Plover Cove Reservoir. 
The overall quality of the New Territories water is the worst, especially in Tai 
Po. This may be attributed to the higher mixing ratio of Guangdong water with local 
water. Raw water of N. T. mainly comes from the Tai Lam Chung Reservoir, the 
High Island Reservoir, the Plover Cove Reservoir and the Shing Mun Reservoir. 
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Chapter 5 
THMs levels of Well, Distilled & Mineral water 
Besides tapwater, it is also of interest to investigate the THMs levels in other 
kinds of drinking water available in HK. Although there are only a few people 
drinking well water in HK, it can be a good comparison to tapwater for its natural and 
non-chlorinated characteristics. Distilled water & mineral water are commercially 
available and their THMs levels are also studied. 
5.1 THMs levels and THM-FP of Well water 
Table 5.1 THMs Levels & THM-FP of Well water from Sheung Shui 
Well water Concentration (^ig/L) 
CHCls CHCl2Br CHClBr2 CHBr3 Ratio TTHMs 
THMs levels 023 ND ND ND OOO 023 
THM-FP 26.33 21.16 9.84 1.15 0.59 58.48 
Well water from Sheung Shui was studied. From the results, it is apparent 
that well water contains only very low concentration of chloroform and it is free of 
other THMs. This can be explained by the absence of chlorine dose. The low THM-
FP reflects that the quality of water is quite good in terms of organic precursors. 
5.2 THMs levels of Distilled water 
Table 5.2 THMs Levels of Different Brands of Distilled water 
Distilled water THMs Levels (ng/L) 
B r a n d ~ Source CHC13 CHCl2Br CHClBr2 CHBr3 Ratio TTHMs 
Watson's EK L78 032 ND ND 001 2.10 
Cool HK 1.45 0.38 ND ND 0.01 1.83 
Best Buy HK 2.17 0.39 ND ND 0.02 2.56 
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Commercial distilled water also contains very low level of chloroform and 
bromodichloromethane. This means that the distillation treatment process can remove 
most of the THMs. 
5.3 THMs levels of Mineral water 
Table 5.3 THMs Levels of Different Brands of Mineral water 
Mineral water THMs Levels (|ig/L) 
Brand”” Source CHC13 |CHCl2Br|CHClBr2| CHBr3 Ratio |TTHMs 
PierVal F r a n c e 0 . 6 2 ND ND ND 000 0.62 
Park 'N Shop France 0.12 ND 0.15 ND 0.00 0.27 





Although experimental results show that both THMs level and THM-FP are 
below the WHO guideline values, which only represent the cancer risk of 1 in 100,000 
for person weighing 60 kg, drinking the water at that level for 70 years and 2 litres 
per day. Hence, by calculation, there may be 47 in 6,000,000 HK people having 
cancer due to drinking water at the max. THM-FP level! Therefore, in order to lower 
the cancer risk, it is necessary to treat tapwater prior to drinking. 
Usually, the drinking habit of HK people is to boil tapwater before drinking. 
Moreover, it is now getting more popular of using activated carbon filter. 
It is of interest to evaluate the THMs removal efficiency of both water 
treatment methods. 
6.1 Heating 
Since the vapour pressures of the four THMs (Appendix A) are quite high, 
heating may be an effective way for their removal from drinking water. 
6.1.1 Procedure 
Two litres of tapwater (using CUHK tapwater as a representative sample) was 
transferred into an electric kettle. The water was heated from room temperature to 
boiling. At different temperatures, -25 ml aliquots of water sample were taken out 
from the kettle and stored in a small glass bottle (fitted with glass stopper) with 
minimum headspace. The aliquots were allowed to cool to room temperature before 
performing extractions and measurements. Another two litres of tapwater were 
transferred into another identical electric kettle with cover as a control (for observing 
the time effect on THMs levels). 
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6.1.2 Results 
Table 6.1 THMs concentration changes upon heating 
Heating Concentration (ng/L) 
Temp (。C) Time (min) CHC13 CHCl2Br CHClBr2 CHBr3 
~26 0 29.28 9^24 1^97 ND 
40 2 27.33 8.50 1.67 ND 
60 3 25.65 7.97 1.63 ND 
83 7 25.80 7.43 1.55 ND 
90 8 23.57 6.61 1.46 ND 
lOO(Omin) 10 1.84 0.65 0.20 ND 
100(2min) 12 0.57 0.24 ND ND 
100(4min) 14 0.46 ND ND ND 
100(6min) 16 0.42 ND ND ND 
100(8min) 18 0.37 ND ND ND 
100(10min) 20 0.40 ND ND ND 
The heating curve is plotted on the next page. 
Table 6.2 THMs concentration changes upon standing 
Control Cone (^g/L) 
Temp (°C) Time (min) CHC13 CHCl2Br CHClBr2 CHBr3 
_ - 28.88 9^44 0 4 ND~~ 
26 2 30.23 9.60 1.95 ND 
26 3 31.04 9.75 1.95 ND 
26 7 30.96 9.73 1.97 ND 
26 10 31.54 9.89 1.98 ND 
26 20 31.30 9.64 1.91 ND 
From the results of the control, the THMs concentrations are nearly 
unchanged upon standing. Hence, it can be concluded that the time effect is not 
significant. From the result of heating, it is obvious that the THMs concentration 
drops significantly when 100 °C is reached. This can be explained by the fact that 
during boiling, a lot of volatile substances (such as THMs) changes to gaseous state 
and escapes out of the water sample. 

















































































































































Table 6.3 Removal Efficiencies of Heating at different temperatures & time 
Heating Removal Efficiency % 
Temp (°C) Time (min) CHC13 CHCl2Br CHClBr2 
~26 0 0 0 0 
40 2 7 8 15 
60 3 12 14 17 
83 7 12 20 22 
90 8 20 28 26 
100(0min) 10 94 93 90 
100(2min) 12 98 97 >98 
100(4min) 14 98 >99* >98* 
100(6min) 16 99 >99 >98 
100(8min) 18 99 >99 >98 
100(10min) 20 99 >99 >98 
^calculations are based on Limits of Detection (LOD) 
Note: Since CHBr3 is not detected in this sample, no removal efficiency is calculated. 
When boiling was just started, removal efficiencies can be at or over 90%. 
After boiling for 6 minutes, 98% or over removal efficiencies can be achieved. 
6.2 Activated Carbon Filtration 
Adsorption is also a possible way of removing organic compounds from 
water. 
There are commercially available activated carbon filters for purifying drinking 
water. One of the popularly used brand, National PJ-3RF Water Purifier is chosen 
for study. (Refer to Appendix H for Specifications of the Activated Carbon Filter 
used) 




The water was adjusted to flow through the filter from an ordinary water tap 
at three different flow rates to study if there was any difference. 
6.2.2 Results 
Table 6.4 Removal Efficiencies of Activated Carbon Filtration 
Cone (|ag/L) Removal Efficiencies (%) 
CHCls CHCliBr CHClBr2 CHBr3 CHC13 CHCl2Br CHClBr2 
Without AC Filtration ~ 
moderate 36.08 11.78 3.97 ND 
With AC Filtration “ 
fast (5.5 L/min) 3.86 ND ND ND 89 >99* >99* 
moderate (3.2 L/min) 4.32 ND ND ND 88 >99 >99 
slow (1.3 L/min) 4.06 ND ND ND 89 >99 >99 
Calculations are based on Limits of Detection (LOD) 
Note: CHBr3 is not detected in this sample, so no removal efficiency is calculated. 
From the results, it is obvious that the effect of flow rate does not obviously 
affect the removal efficiencies. Activated carbon filtration can give good removal 




The tapwater in the 19 districts of HK is safe for drinking in terms of THMs 
level. It complies with the WHO guideline values (1993). The quality of water can 
be reflected in the THM-FP. The water of Lantau Island is of the best quality. 
Well water (from Sheung Shui), commercially available distilled water and 
mineral water contain very low levels of THMs compared with that of tapwater. 
The two drinking habits of HK people heating & activated carbon 
filtration, can both give satisfactory removal efficiencies ( at least 88% ) for THMs in 
water. 
In fact, there are two main strategies to lower the THMs levels in tap water. 
One is to remove the organic precursors (e.g. humic and fulvic acids) in raw water 
before chlorination. Another is to remove the THMs formed after chlorination (as in 
Chapter 6 ). For the former strategy, several technologies can be used _一 enhanced 
coagulation (e.g. using ferric chloride instead of alum), granular activated carbon 
(GAC) adsorption, membrane filtration (nanofiltration) [27-28], advanced oxidation 
processes (AOPs, e.g. H 2 0 2 in the presence of UV light)[29] and photoassisted 
heterogeneous catalytic oxidation (PHCO, e.g. Ti02 in the presence of UV light)[30]. 
For the latter strategy, besides heating and activated carbon adsorption 
(discussed in Chapter 6), aeration or air stripping (transferring substances from liquid 
to gas phase)[31-32], AOPs (e.g. ozone in the presence of hydrogen peroxide or UV 
light [33])，PHCO (e.g. Ti0 2 in the presence of UV Ught [34]) and high-energy 
electron becan[35] can also remove THMs. 
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From news report, it is known that the water quality ofDongjiang (or the East 
River) has deteriorated significantly in these few years. The pollution is mainly caused 
by the massive increase in discharge of untreated wastewater from nearby farms 
(fertilisers, pesticides), factories (chemicals, heavy metals) and inhabitants (domestic 
sewage). [36-37] 
In order to solve this problem, the Guangdong authority has recently decided 
to build a biological nitrification plant to treat the micro-organic pollutants (removal 
e伍ciency for ammoniacal nitrogen is 75%) in raw water [38]. Moreover, industrial 
sewage must be treated to meet the required standard before discharge [39]. In 
addition, the SAR government and the Guangdong authority are considering the 
feasibility of constructing a new closed water supply aqueduct to keep pollution 
away. [40] Through these measures, the quality of drinking water in Hong Kong is 
expected to further improve in the near future. 
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